Hsp70, so-called stress proteins, were studied in the centipede Lithobius mutabilis when exposed in laboratory tests to different concentrations of the insecticide dimethoate (DMT; 0, 0.012, 0.111 mg kg −1 dwt), the detergent linear alkilobenzene sulfonate (LAS; 0, 16, 80, 400, 2000, 10,000 mg kg −1 dwt), and copper (Cu; 0, 56, 167, 500, 1000, 1500 mg kg −1 dwt) and in the field in captured animals from polluted (2 and 4 km from a zinc-and-lead smelter) and unpolluted (35 and 40 km from the smelter) areas. Hsp70 in centipedes were also tested for seasonal differences (March and September) in field-captured animals and for a temperature effect under laboratory conditions (5, 15, and 25°C). Moreover, hsp70 were examined in housefly (Musca domestica) pupae after rearing larvae on food medium contaminated with DMT or LAS. Hsp70 were found in all animals tested, including controls, and their levels were not clearly related to the laboratory treatment with chemicals or temperature or to the degree of contamination in polluted areas. In centipedes from unpolluted areas, a significant seasonal difference in hsp70 content was found. The problems with using hsp70 as a universal biomarker in ecotoxicological studies are discussed.
INTRODUCTION
Heat-shock proteins (hsp), referred to as molecular chaperones, are highly conserved proteins which are synthesized especially in cells under a variety of harmful stimuli, including heat, toxic metals, poisons, injuries, diseases, and other stressors. It has been found that hsp play a protective role in cells exposed to stress; however, they are also constitutively expressed (heat shock cognates, hsc) under normal conditions (Ashburner, 1982) .
Hsp have many cellular functions in facilitation of the synthesis and folding of most cellular proteins, their distribution, degradation, and the renaturation or removal of damaged proteins (Morimoto et al., 1994) . They are encoded by several gene families, but one of them, the hsp70 family, is the most conserved and is found in response to stress in all organisms tested thus far. In Drosophila melanogaster, in which hsp70 have been detected for the first time after heat shock (Ritossa, 1962; Tissières et al., 1974) , five copies of hsp70 genes and seven of hsc70 have been described (Lindquist and Craig, 1988) . So far, it has not been possible to distinguish precisely which particular gene is activated during and after exposure to stress, which particular protein from hsp70 family is expressed, and what cellular role it plays. Even more difficult to interpret are quantitative analyses of hsp70, especially in the whole organism. Although the role of hsp70 in a single cell is beginning to be understood, its physiological significance for the whole organism is still unknown.
Recently, hsp70 expression was suggested as a biomarker of contamination in ecotoxicological studies (e.g., Sanders, 1990; Köhler et al., 1992) . There are some difficulties, however, in using hsp70 as biomarkers. First, under normal unstressed conditions hsc are encoded by genes similar in DNA sequence and have similar function to hsp in cells (Craig, 1985) . The amount of hsc is not known and may vary in cells and in different groups of organisms. Moreover, most methods of hsp detection based on monoclonal antibody tests do not distinguish between hsp and hsc (Yu et al., 1994) . Second, the expression and accumulation of hsp70 are regulated at multiple levels and exhibit differences in different cell types (Velazquez and Lindquist, 1984; Lindquist, 1993) . Third, hsp70 expression depends on certain factors difficult to control since individuals of the same species, at the same age, and heat-shocked under the same laboratory conditions reveal differences in hsp70 expression (Feder et al., 1996) .
The aim of the present study was to test whether hsp70 concentration in the animal body can be used to detect the state of stress caused by pesticides, detergents, and heavy metals in two species of invertebrates: the centipede Lithobius mutabilis Koch., Chilopoda, and the housefly Musca domestica. Hsp70 levels in centipedes treated under laboratory conditions with different doses of dimethoate (DMT, insecticide), linear alkilobenzene sylfonate (LAS, detergent), and copper (Cu, metal) were compared. The hsp70 levels were also measured in fieldcollected centipedes, originating from areas polluted with heavy metals and from relatively clean areas, but collected at different seasons. Also tested were the effects of different temperatures on the hsp70 level in centipedes maintained under laboratory conditions, and DMT and LAS effects on hsp70 in the housefly's pupae used as food for the experimental centipedes.
MATERIALS AND METHODS

Animals
For laboratory experiments on the effects of DMT, LAS, or Cu on hsp70 level (Experiment 1), the centipedes came from the relatively uncontaminated Ratanica pine-beech forest (S. Poland, approx. 40 km south of Cracow). The centipedes were collected by sieving forest litter through a 1-cm grid and handsorting. After transportation to the laboratory, they were acclimated for at least 2 weeks to laboratory conditions. Before and during the experiments the centipedes were maintained under the light/dark regime LD 18:6 (18 h of light and 6 h of darkness), at 15 ± 0.5°C and a relative humidity ജ80%. Additionally, some centipedes were also maintained at 5 or 25°C to test for possible effects of temperature on the expression of hsp70 in centipedes. In the laboratory, the centipedes were fed on chopped frozen housefly (M. domestica) pupae. The flies were obtained from a laboratory culture maintained for several generations in LD 12:12, at a constant temperature of 25°C and humidity of approximately 70%. The housefly larvae were cultured from eggs until pupation on a synthetic diet consisting of 257.8 g rabbit pellets, 10 g sugar, 5 g milk powder, 0.01 g dry yeast mixed with 500 ml of distilled H 2 O, or an experimental solution of DMT (0, 0.012, 0.111 mg kg −1 dwt), LAS (0, 16, 80, 400, 2000, 10 ,000 mg kg −1 dwt), or Cu (0, 56, 167, 500, 1000, 1500 mg kg −1 dwt). Effects of long-term permanent pollution on the hsp70 level in L. mutabilis (Experiment 2) were studied in animals collected from litter in Scots pine forests polluted with metals by a zinc-and-lead smelter located in the small town of Olkusz (S. Poland, approx. 40 km northwest of Cracow). Sampling points were located 2, 4, and 35 km from the smelter, and additional control animals were collected in Ratanica. The centipedes were sampled from all locations in September. In addition, to check for possible seasonal variation in hsp70 expression, some animals were also collected from the unpolluted Ratanica forests in March. Temperature effects were studied by maintaining some centipedes in the laboratory at 5, 15, and 25°C.
Levels of hsp70 were also measured in the housefly pupae treated with DMT and LAS (Experiment 3).
Experimental Procedures
Experiment 1. Field captured centipedes (L. mutabilis) were maintained in the laboratory for 2 years, and the populations periodically were supplemented with new fieldcaptured animals. The centipedes were held in 30 × 50 × 20 cm containers, approximately 100-200 individuals in each, under laboratory conditions at the temperature 15 ± 0.5°C, relative humidity ജ80%, and in LD 16:8. The bottoms of the containers were covered with a layer of a moist natural soil 2-3 cm thick with a 2-to 3-cm layer of leaf-litter on the surface. The animals were fed with frozen pupae of housefly (M. domestica), taken from a large population which was maintained in the laboratory.
Experimental, adult centipedes of 15-45 mg fresh mass (10-15 mm length) were kept in plastic boxes of 16 × 11 × 6 cm, three males and three females in each. The boxes were filled with an approx. 1-cm layer of the standard artificial OECD soil contaminated with DMT, LAS, or Cu, at 50% water-holding capacity, and covered with loose transparent plastic lids. The centipedes were fed with one frozen pupa cut into two halves per individual twice a week. The following experimental treatments were used: (a) DMT-treated soil at nominal concentrations of 0, 3.1, or 12.5 mg a.i. kg −1 dwt of soil, centipedes fed on uncontaminated food; (b) LAS at nominal concentrations of 0, 16, 80, 400, 2000, or 10 ,000 mg kg −1 dwt of soil and food medium for the housefly larvae used as food for the centipedes; (c) Cu at nominal concentrations of 0, 56, 167, 500, 1000, or 1500 mg kg −1 dwt of soil and dry weight food medium for the housefly larvae used as food for the centipedes. At the termination of the experiment (28 days for DMT and LAS, 90 days for Cu) the animals were sacrificed by deep freezing in liquid nitrogen and stored frozen until analysis. Expression of hsp70 was studied in the male centipedes. Experiment 2. The sites for sampling centipeds from metal-contaminated forests were choosen on the basis of previous studies on Zn, Cu, Pb, and Cd levels in soil and litter in the Olkusz smelter area (Niklińska, unpublished). They represented heavy (2 km from the smelter) through moderate pollution (4 km), and unpolluted areas (35 km from the smelter on the Olkusz transect and Ratanica forest). Centipedes collected on the Olkusz transect in September, and in Ratanica in March and September, were frozen in liquid nitrogen immediately after transportation to the laboratory and were stored until analysis.
Temperature effect on hsp70 level in centipedes was studied in adult specimens kept for 7 days at 5, 15, or 25°C. The animals used in this experiment were taken from laboratorymaintained populations (cf. above).
Experiment 3. The housefly larvae were kept in DMT (0, 0.012, 0.111 mg a.i. kg −1 )-or LAS (0, 16, 80, 400, 2000, 10,000 mg kg −1 )-contaminated medium until pupation. For hsp70 analysis, the pupae were collected 1 (''young'') and 5 (''old'') days after pupation and stored frozen until analysis.
Hsp70 Detection Methods
The content of hsp70 in the whole body homogenates of centipedes or housefly pupae was detected using (a) Western immunoblotting and (b) enzyme-linked immunosorbent assay (ELISA) methods. Both methods were checked for consistency with TNF (tumor necrosis factor)-treated murine microvascular brain endothelium. An immunohistochemistry method was also used to localize hsp70 in the centipede's tissues.
Because all methods used in the present study are based on reaction with monoclonal anti-hsp70 antibody, which does not distinguish between hsc70 and hsp70, both were probably measured; however, it is referred to as hsp70 in the remainder of the text. Whole animal lysates were used for determination of hsp70. Since hsp70 content has been reported to depend on the animal's developmental stage (Arrigo and Tanguay, 1991) and age (Wheeler et al., 1995) , centipedes of a similar body weight were used which, in case of centipedes, is correlated with their stage of development (Albert, 1983) . The lifespan of L. mutabilis is about 6 years, however, and it was not possible to determine young and old adult individuals collected in the field.
For both Western blotting and ELISA methods the same samples were used; every sample consisted of four centipedes (Experiments 1 and 2) or of four pupae of the housefly (Experiment 3) previously frozen in liquid nitrogen. The samples were homogenized in 200 ml of cold 0.05 M Tris-HCl buffer (pH 7.6), with ethylenediaminetetraacetic acid (EDTA) (5 mM), iodoacetic acid (10 mM), phenylmethylsulfonyl fluoride (PMSF) (1 mM), and o-phenantroline (0.1 mM) (all chemicals from Sigma) and then centrifuged. The samples included gut contents and cells which may be unresponsive or dead, and it is possible that the proportion of hsp70 to the total protein content could vary between individuals. To overcome this problem, four individuals were taken per sample. The protein concentration in the supernatant of samples was measured by the standard bicinchoninic acid (BCA) method.
Western immunoblotting. The sodium dodecyl sulfate gel electrophoresis (SDS-PAGE) was carried out in a MiniProtean II cell (Bio-Rad) in 1-mm-thickness Tris-Tricine 10% gels (Schagger and von Jagov, 1987) . The samples were loaded on gel after mixing at a 1:1 ratio with a buffer reducing the sample containing 50 mg of dithiotreitiol per 1 ml of the sample buffer. Gel lanes were always loaded with 100 mg of protein per lane, and electrophoresis was carried out at a constant voltage of 80 V and halted when tracking dye (Coomasie blue R-250, Sigma) reached the bottom of the gel. Next, proteins were transferred overnight on nitrocellulose membrane (Schleicher and Schuell, Inc.) at a 30-mA current in Tris-glycine buffer (Henderson and Wolf, 1992) . Bands with molecular mass standards were cut off and stained in amido black or the whole membrane was reversibly stained with Ponceau S solution (Sigma) and destained after marking the standard bands with a pencil. The membrane was then blocked in 5% nonfat dried milk in a TST buffer (0.01M Tris-HCl, pH 7.5, 0.9% NaCl, 0.05% Tween 20) and incubated for 1.5 h at room temperature with primary antiserum, mouse monoclonal anti-hsp70 (Sigma), diluted 1: 3000, and then, after washing in TST, with the secondary antisera, goat anti-mouse IgG, conjugated to horseradish peroxidase (Sigma), diluted 1:2000. Bands were visualized using 4-chloro-1-naphtol as a color-developing reagent, and then the membranes were washed in water to stop the reaction and air-dried.
ELISA. Samples, previously used for Western immunoblotting, of the whole body homogenates of centipedes or fly pupae were analyzed by ELISA according to standard protocol (Crowther, 1995) . Hsp70 concentrations in different samples were standardized per unit of total soluble proteins. Supernatants of whole-animal lysates were diluted to 100 mg protein in 100 ml of 0.01 M sodium carbonate and bicarbonate buffer (pH 9.6) per well to coat microwell plates (Corning Lab.). After incubation for 2 h at 37°C and overnight at 4°C for protein adsorbtion, the wells were washed with PBS-Tween (0.1 M phosphate-buffered saline, 0.05% Tween 20) and blocked for 1 h at 37°C with 1% bovine serum albumin (BSA) to reduce nonspecific binding. Next, they were washed twice and incubated for 2 h at 37°C with mouse monoclonal anti-hsp70 antiserum (Sigma) diluted 1:200 in PBS-Tween and 1% BSA and, after three washes, with the secondary antisera, goat antimouse IgG, conjugated to horseradish peroxidase (Sigma), diluted 1:2000 in PBS-Tween, 1% BSA, and 1% goat serum. After three washes, the wells were incubated for 30 min at 37°C with OPD (Sigma) and 0.01% H 2 O 2 in 0.1 M citratephosphate buffer (pH 5.0). The color reaction was halted by the addition of 12.5% H 2 SO 4 . The differences in optical density of the reaction product were measured at 492 nm with a Uniscan II microplate reader. Every experimental sample was replicated at least twice and measured twice. Several wells with antigen or primary antibody omitted were used to blank the reader.
Immunohistochemistry method. Different parts of the centipede body were fixed with 4% paraformaldehyde in PBS for 5 h. After fixation, the heads were sectioned at 100 m with a Vibratome and all tissues were washed 6 × 10 min in 0.1 M PBS containing 0.25% Triton X-100 and 0.25% BSA. PBS was also used to dilute antisera and to wash between incubations with different antisera. Tissues were placed in PBS with 2% goat serum for 2 h and next incubated for 48 h in primary antiserum, mouse monoclonal anti-hsp70, diluted 1:5000. Next, tissues were incubated for 24 h in the secondary antisera, goat anti-mouse IgG, diluted 1:8. Finally, they were treated with the peroxidase-anti-peroxidase (PAP) procedure (Polak and Noorden, 1987) , dehydrated, transferred through HistoClear, and mounted in Permount.
Statistics
Hsp70 concentrations were checked for normality of distribution with Cochran's and Bartlett's tests, and homogeneity of variances were tested with the Kolmogorov-Smirnov test. Because distribution did not differ significantly from normal in all cases, and only in one case was a serious deviation from homogeneity of variances detected, analysis of variance was used to test for significance of treatment effects. If significant differences were detected, means were separated by the Tukey HSD test.
In
RESULTS
Effect of DMT, LAS, and Cu on Hsp70 Level in Centipedes in Laboratory Tests
A slight increase in hsp70 content could be seen in DMTtreated centipedes (Fig. 1) , but in neither case was this increase statistically significant (P ‫ס‬ 0.82). An even more pronounced increasing trend was seen in LAS-treated animals at concentration range from 16 to 10,000 mg kg −1 (Fig. 1) . However, in this case as well there was no significant difference between any of the treatments and the control (P ‫ס‬ 0.28). The average hsp70 level in control centipedes was almost as high as that at the highest treatment level and had the largest variability among all LAS treatments. ELISA readings for Cu-treated centipedes varied between approximately 0.12 and 0.18, with no clear trend or differences between treatments (P ‫ס‬ 0.24; Fig.  1 ). Immunoblots carried out after the Cu test do not indicate clear differences in hsp70 content between the control and Cu-treated centipedes either (Fig. 2) .
In centipedes treated with LAS, intensity of band staining on immunoblots was correlated with a growing concentration of LAS but-as indicated already by ELISA-control, untreated centipedes demonstrated hsp70 content as high as after tests with 400 or 2000 mg/kg of LAS (Fig. 2) . No differences in immunoblots from DMT-treated animals were detected (Fig. 3) .
Hsp70 Level in Centipedes from Polluted and Unpolluted Areas
The average concentrations of zinc in forest litter along the Olkusz pollution transect decreased from approximately 5100 mg kg −1 at the nearest plot (2 km) through 1520 mg kg −1 at 4 km distance from the smelter to 150 mg kg −1 at the furthermost plot (35 km). A similar trend could be seen for the other most important pollutants. Thus, Cd concentrations in litter decreased from 51 through 18 to 0.84 mg kg −1 . Lead decreased from 1830 through 870 to 136 mg kg −1 . To a lesser extent, the area is also contaminated with copper which peaked at 38 mg kg −1 at the closest site and dropped to 26 mg kg −1 at 4 km distance to 11 mg kg −1 at the control site, and iron which ranged from 12,140 through 7250 to 4060 mg kg −1 35 km from the smelter (Niklińska, unpublished). In the Ratanica forest, the average concentrations of metals in the soil organic layer were as follows (in mg kg −1 ): Zn, 130; Cd, 0.24; Pb, 140; Cu, 19; Fe, 5980 (Grodzińska and Laskowski, 1996) . Thus, they were comparable to concentrations at the furthermost site on the Olkusz transect.
In centipedes collected at different distances from the Olkusz zinc and lead smelter, hsp70 levels did not reveal any significant differences. In fact, the average ELISA readings were almost identical irrespective of the distance from the smelter, that is, irrespective of the pollution level (Fig. 4) . However, blots of samples collected at short distances from the smelter exhibit darker bands than those of the other samples (Fig. 3) . Comparing with the control samples from Ratanica collected in the same season, centipedes from Olkusz revealed an elevated content of hsp70, but due to high variability this difference was nonsignificant. The largest difference in hsp70 level in this experiment was found in centipedes collected at the same place in Ratanica forest, but at different seasons. There was an approximately 10-fold increase of hsp70 in samples collected in March in comparison to animals collected in September, and the difference was highly significant (P < 0.0001; Fig. 4 ).
FIG. 1.
Hsp70 levels (ELISA optical density readings at 492 nm) in L. mutabilis exposed to different concentrations of copper (Cu), linear alkilobenzenesulphonate (LAS), and dimethoate (DMT); averages + standard deviation.
HEAT SHOCK PROTEINS IN ECOTOXICOLOGICAL STUDIES
When the centipedes were tested under laboratory conditions at temperatures of 5, 15, or 25°C, the hsp70 accumulation was higher in centipedes kept at 25°C than at 5°C (Fig. 4) . However, the highest mean hsp70 level was found at 15°C, and the centipedes kept at this temperature also demonstrated the largest interindividual variability (Fig. 4) .
The immunohistochemistry staining did not clearly reveal specific tissues in which hsp70 is exclusively expressed. Weak staining was visible in almost all cells. Stronger staining was found in some cells of the brain, in eyes, digestive tract, gonads, and muscles. There were no visible differences, however, in staining between the controls and centipedes exposed to contamination.
LAS and DMT Effect on the Hsp70 Level in the Housefly Pupae
The treatment of the housefly larvae with 80-2000 mg LAS kg −1 culturing medium increased the hsp70 level slightly in pupae when compared to the control and larvae treated with the lowest concentration of LAS, but the differences were nonsignificant (Fig. 5) . At the highest concentration of LAS (10,000 mg kg −1 ), however, the hsp70 content in pupae decreased in comparison with those treated with a lower (2000 mg kg −1 ) concentration (Fig. 5) . DMT-treated larvae did not exhibit significant differences in hsp70 level (P ‫ס‬ 0.48) either. In old pupae the average ELISA readings were almost identical across treatments. In young ones, the average hsp70 level was higher (but still not significantly) after treatment with 0.111 mg kg −1 than with 0.012 mg kg −1 or the control. The immunoblots obtained from samples of pupae did not reveal any visible differences in bands between young and old pupae and after both LAS and DMT treatments.
DISCUSSION
The expression of hsp70 is well known for stress responsiveness, and in cells of all organisms which have been examined so far, its level always increases after a heat shock. The adaptative role of hsp70 and benefits for organisms to survive under stressful conditions are already well documented; however, the understanding of stress protein action is still incomplete. In the present study an effort was made to discover whether a range of anthropogenic chemicals can increase the hsp70 level in centipedes and, thus, whether they can be used as a biomarker of environmental contamination in this species.
The results obtained indicate that the hsp70 content in an animal body is not clearly correlated with exposure to harmful chemicals. In all samples of centipedes collected from unpolluted areas, hsp70 were always present in detectable quantities. This means that L. mutabilis may have high levels of hsc/hsp70 under normal, unstressed conditions, or there are other factors (difficult to control) which induced hsp70 expression in untreated animals. The first explanation seems to be possible because of the long lifespan of L. mutabilis and other centipede species and their year-round activity, in a wide range of temperatures (Wignarajah and Phillipson, 1977) . Tursman et al. (1994) found in a closely related species, Lithobius forficatus, an apparent freezing tolerance during winter. The wintering animals were able to survive at minus 6°C for 24 h, while freezing was lethal for animals in summer. The authors did not find an accumulation of carbohydrates or polyoils in centipedes during the winter and postulated that the freezing resistance is achieved by the presence of thermal hysteresis proteins. Results seem to confirm the findings of Tursman et al. (1994) . Seasonal differences in the hsp70 level detected in centipedes collected from the same area but at different times of year confirm the hypothesis that their level may be significant for adaptation to a periodicaly changing environment. It is unknown, however, whether seasonal changes in the hsp70 level appear as the result of direct exposure to cold or heat or are regulated by an endogenous clock in the circannual rhythm. Since seasonal differences are still maintained even after acclimatization to a constant photoperiod and temperature in the laboratory (Hoskins and Aleksiuk, 1973) , the second explanation seems probable. Similar seasonal changes in hsp70 concentration have also been found in several species of stream fish (Fader et al., 1994) and in the mussel Mytilus trossulus (Hofmann and Somero, 1995) . In stream fish, a high level of hsp70 was also measured in the spring and a low one in the fall. In other species, such as the killifish Fundulus hetroclitus, which lives under wide fluctuations in temperature and water salinity, large amounts of constitutive hsp70 were also found (Koban et al., 1991) .
The same mechanism may be responsible for the accumulation of hsp70 in animals adapted to live in contaminated areas. In the current studies, the level of hsp70 was the same in centipedes collected at different distances from the lead and zinc smelter, but no one individual of L. mutabilis was found in the most contaminated area just next to the smelter. Other centipede species, however, were collected at this site. The species-specific tolerance may be achieved by increasing the hsp content to a certain level, specific for each species, which is maintained over a wide range of pollutant concentrations. It cannot be continuously increased because costs of hsp70 expression may outweigh its benefits. It was found in Drosophila cell culture that some processes, such as growth and cell division, are disabled at high hsp concentration (Feder et al., 1992) . The lack of L. mutabilis in the most contaminated area may confirm this hypothesis. The present paper, as well as studies by other authors (Köhler et al.,) , demonstrates that in laboratory tests, animals exposed to highest concentrations of heavy metals or other toxic chemicals often indicate a decreased hsp70 content compared to lower concentration treatments.
The laboratory tests with Cu, LAS, and DMT carried out in the present study find that the effect of these chemicals on the hsp70 content in L. mutabilis is rather weak and inconsistent. There was a high variability between samples of centipedes undergoing the same treatment, small or indetectable differences in hsp70 content under higher concentrations of tested substances, and high levels of hsp70 in control, untreated centipedes. These results question the usefulness of hsp as a general stress biomarker. Although some clearer relationships between exposure to toxic substances and hsp expression were found for a few species of invertebrates (Köhler et al., 1992 (Köhler et al., , 1996 and vertebrates (e.g., Williams, 1996) , there is accumulating evidence that hsp do not offer the universal tool for biomonitoring as was hoped. For example, Köhler et al. (1992) found no effect of Pb at concentration 1000 mg kg −1 on hsp70 expression in three species of diplopods (Glomeris marginata, Cylindroiulus punctatus, Tachypodoiulus niger). Also, different concentrations of a molluscicide were not reflected in the hsp70 level in two slugs (Deroceras reticulatum, Arion ater) (Köhler et al., 1992) . Sanders (1993) points out difficulties with separating hsp responses to chemicals from those caused by other environmental factors. Current study results, indicating strong seasonality of the hsp70 level in centipedes (cf. above), and an unclear reaction to toxicants, strongly support this opinion.
Examination of centipede tissues to localize hsp70 revealed that all tissues probably contain hsc/hsp70. This implies that attempts to concentrate hsp studies on a specific tissue do not promise any more resolution than those obtained at the organism level. Also, this is an indication that at the organism level, hsp are probably induced in all tissues, irrespective of the actual exposure of a particular tissue to a stressing agent.
Animal response to chemical stresses is a complex reaction which depends on the type of chemical and is influenced by many internal and external factors. Even under controlled laboratory conditions, the accumulation of hsp70 does not always increase during heat shock and decrease after it, but in some individuals it continues to increase even after cessation of heat (Feder et al., 1996) . In the present studies, response of hsp70 expression to different temperatures was also inconsistent. At the present a clear explanation cannot be offered as to why, at moderate temperature, the hsp70 level was highest and was accompanied by the highest variability. To address this question, more detailed studies on seasonal variability of hsp70 levels in centipedes are required. The results obtained so far indicate that this variability can be substantial.
FIG. 4.
Hsp70 levels (ELISA optical density readings at 492 nm) in L. mutabilis exposed to different temperatures (left) and collected from areas of different pollution levels (right); averages + standard deviation. Olk, centipedes collected in September along the metal pollution gradient; the numbers give the distance from zinc-and-lead smelter. Rat, animals collected in unpolluted Ratanica forest in September (Sep) or March (Mar).
FIG. 5.
Hsp70 levels (ELISA optical density readings at 492 nm) in pupae of M. domestica exposed to different concentrations of linear alkilobenzenesulphonate (LAS) and dimethoate (DMT); averages + standard deviation. In the case of DMT, the pupae were analyzed 1 day after pupation (''young'') and 5 days after pupation (''old'').
Short pretreatment at higher than normal temperatures increases the tolerance of animals to the next heat shock without further increasing hsp70 level (Mitchell et al., 1979) . Thus, centipedes collected in the field, exposed to unknown stressors (e.g., seasonal temperature variability; cf. above), may possess an acquired tolerance to a broad range of stressing agents, including experimental treatments in the laboratory. Sanders (1990) points out that the synthesis of hsp70 is much greater in response to heat shock than to chemical toxicants. Thus, in animals, especially those with a long life span and exposed to high variability in temperature, such as centipedes, any response to chemicals by hsp70 expression can be masked by high levels of these proteins induced by unfavorable thermal conditions.
Another weakness of hsp70 as stress biomarkers is the fact that their expression depends on the animal's developmental stage (Feder et al., 1996) and age (Williams et al., 1996) . In the present study, the 5-day-old housefly pupae had higher levels of hsp70 than 1-day-old pupae at low concentrations of DMT, while at the highest dose the relation was just the opposite, although this difference was nonsignificant.
CONCLUSION
In summary, it may be concluded that hsp70 cannot be considered a universal biomarker for ecotoxicological studies.
Even if it appears to work for a few selected species, the results from those species must not be generalized to broad taxa of animals. Moreover, these results indicate that any conclusions based on hsp70 expression should be preceeded by detailed studies on seasonal and intrapopulation variability of hsp levels. All these restrictions mean that hsp are not a very practical tool for environmental risk assessment.
